2. The two methods of sedimentation gave identical results and 80-95 % ofthe enzyme activity was found in the precipitate.
The chemical composition of the yeast cell wall was first studied by Salkowski (1894) , who investigated the polysaccharide material which remained after intact cells had been digested with dilute sodium hydroxide solution. Zechmeister & T6th (1934) continued the study, but again disrupted the cells by fairly vigorous chemical action. They suggested, however, that an enzymic method might do less damage to the cell wall, and indeed later they isolated the glucan component of the cell wall by the action of pepsin and amylase on an autolysed yeast suspension (Zechmeister & T6th, 1936) . These chemical and enzymic investigations have indicated that several polysaccharides may be present in the cell wall, and it has been suggested that, besides the glucan, a mannan (Haworth, Hirst & Isherwood, 1937) and possibly a 'glycogen' (Ling, Nanji & Panton, 1925 ) may form part of the structure; no direct evidence for this has been given. The structure of these polysaccharides has been investigated by various workers. The general method of isolation has been extraction of whole yeast with 3, % sodium hydroxide solution at 1000, whereby the mannan and some glycogen go into solution, whereas the glucan and most of the glycogen remain as the insoluble material, which is seen under the microscope to retain the shape of the cell, and is therefore assumed to be part of the cell wall. The glucan was shown to contain only glucose with ,B-1: 3 linkages between the radicals, by Zechmeister & T6th (1934) and Hassid, Joslyn & McCready (1941) ; more recently Bell & Northoote (1950) found that this polysaccharide was highly branched and determined its average chain length. The structure of the mannan has been studied by Haworth et al. (1937) , Haworth, Heath & Peat (1941) and Lindstedt (1945) , but the constitution of the glycogen, and especially its possible existence in two forms (Ling et al. 1925; Daoud & Ling, 1931) has received little attention.
In the present work the yeast cell wall has beenisolated in two ways:
A. By physical methods entailing mechanical breakage of the cell and isolation of the washed cell wall by differential centrifugation.
B. By chemical methods, entailing breakage and isolation, similar to those used by the previous workers, i.e. digestion of the whole cell with 3 % sodium hydroxide.
In this way a more complete and quantitative survey of the substances making up the structural elements of the outer cell wall has been obtained than was hitherto possible. Both a chemical and a microscopical examination of the preparation have been made and in this latter connexion the material has been found to be very suitable for investigation by the electron microscope.
EXPERIMENTAL

Material used and general analytical method8
The yeast used was a commercial pressed baker's yea-st (Ark Yeast, Distillers' Co. Ltd.) . Its dry weight, determined under the same conditions as those used with the cell wall preparations, was 27-3 % of the moist weight.
All the analyses were carried out on material dried at 0-01 mm. Hg over P20, at room temperature.
Total N (Kjeldahl) was determined using Neasler's reagent (Umbreit, Burris & Stauffer, 1949) . Total P was determined according to Fiske & Subbarow (1925 , cf. Umbreit et al. 1949 ).
Qhromatography of sugar8. Descending chromatograms were run on Whatman no. 1 papers with n-butanol/water at 370 for 60 hr. (Hough, Jones & Wadman, 1950 Chomatography of amino-acids. Descending chromatograms were run with phenol/0-3 % (w/v) aqueous NH, at 200 in an atmosphere of coal gas (Consden, Gordon &Martin, 1944) . The spots were coloured with 0-3% (w/v) triketohydrindene hydrate in n-butanol.
The solutions applied to the chromatograms were adjusted so that the approximate concentration of the sugars and the amino-acids was never less than 1 %.
The (Mickle, 1948 (Fig. 4a) . By comparisons with those cells tq which were attached parts of the cell wall of the bud, and with that of an intact cell in the process of budding (Fig. 1) indications of these budding scars in thewhole cell. When the preparations were treated with 2N-HCI the scars appearedto be more resistant to chemical attack than the general cell surface. By observations of the edge of the cells and of the apparent peeling of the membranes which often occurred at the bud scar (Fig. 2) it could be seen that the cellenvelope consisted of at least two membranes. When the preparations were extracted successively with methanol and ether (see below) to remove lipids, and re-examined, the division into two membranes became obvious (Fig. 5) (Mitchell, 1951) at room temperature for 6 hr., the whole process being repeated three times. The ether was evaporated and the fat weighed directly. The Polymaccharides of the ceU wall Isolation and investigation of the glucan component. The cell wall material (97.21 mg.) was digested with 3 % (w/v) aqueous NaOH (2-0 ml.) for 6 hr. at 1000. The supernatant obtained after centrifuging was retained for examination of the dissolved mannan (see below). The insoluble residue was extracted consecutively with 3 % NaOH at 1000 for 6 hr., 0-5N-acetic acid (2 ml.) at 750 for 6 hr. and finally washed with ethanol (2 ml.) and ether (2 ml.). The white solid was dried over P206 at 0-1 mm. Hg. Yield 27-9 mg. (28-8% of dry matter taken). (Found: N, 0 3; P, 00%.) Hydrolysis of 10 mg. of this substance with 2 N-HCI (1 ml.) in a sealed tube at 1000 for 6 hr. gave a light-brown solution. This was freeze-dried and the resultant solid dissolved in 0-1 ml. of water. The chromatograms of this solution showed the presence of glucose only.
The isolated material contained 98% glucose when this was estimated by anthrone (Seifter, Dayston, Novic & Muntwyler, 1950 ). An equivalent amount of glucan isolated from whole yeast by the method of Bell & Northcote (1950) gave 97-4 % glucose.
The substance isolated from the cell wall contained only glucose and was very insoluble in water, thus resembling the glucan isolated from whole yeast. It still retained in most cases the shape of the cell wall when examined under the microscope, and thus it constitutes at least part of a continuous membrane within the cell wall. purified by precipitation and subsequent decomposition of the copper compound (Haworth et al. 1937) . Yield 25-0 mg.
(N, 1-0; P, 0-2 %).
[ac]2' + 88°(1, 2; c,1I0 in water). The hydrolysed mannan showed only mannose on a paper chromatogram. The mannan could also be extracted from the cell wall material by water at 1000, although the rate of extraction was considerably lower; 25mg. gave 2-5mg. of mannan after 6 hr. and a further 2-4 mg. after 12 hr. The mannan isolated in this manner had a relatively high nitrogen content (N, 2-5; P, 0-23%) and gave a positive biuret reaction.
Glycogen. No glycogen could be isolated from the cell wall preparation by means of 0-N-acetic acid (750 for 12 hr.) nor could any glycogen be detected in the cell wall by staining with iodine and subsequent microscopical examination. The small particle fraction isolated by differential centrifugation of the broken yeast cell did, however, stain a dark brown with iodine.
PRPARATiow B Isolation of the ceU wall material by digestion of the cels with sodium hydroxide 80oUtton
The whole yeast (12-62 g.) was dispersed in 15 ml. of 3 % (w/v) aqueous NaOH and heated on a boiling-water bath for 6 hr. The brown solution was centrifuged and the residue redigested with a further 15 ml, of 3 % NaOH for 3 hr.; it was then washed with water, ethanol and ether and dried in the normal manner. Yield, 0-13 g. This cell wall material showed an electron-dense substance scattered in granular and particulate masses throughout the walls (Fig. 6) . Part of this material seemed to be glycogen as it could be seen under the optical microscope to stain brown with iodine. It could be dissolved away with 0-5N-acetic acid at 750 (see below). Apart from this the electron microscope examination of this preparation showed little difference from that of preparation A.
Chemical investigation of the cell wall Elementary analys8s. Total N, 0-7 %; total P, 0.07%.
Acid hydrolysis. The hydrolysis was carried out in the same manner as for preparation A. Only glucose was apparent in the hydrolysate when this was examined on paper chromatograms.
Polysaccharides of the cell wall Isolation and investigation of the glycogen component. The cell wall material (130 mg.) was digested with 0-5N-acetic acid (5 ml.) for 6 hr. at 75°The residue was centrifuged and re-extracted with acetic acid for a further 6 hr. The acetic acid solutions were combined and evaporated to small bulk under reduced pressure when the glycogen was precipitated from solution by the addition of 6 vol. of ethanol. Yield of glycogen 25-1 mg. (19-3% of the cell wall).
The glycogen could not be extracted with water from the cell wall, but after removal by dissolving in the dilute acetic acid and precipitation by ethanol the resultant material was very soluble in water to give a clear solution. This solution gave a deep red-brown colour with iodine.
Isolation and investigation of the glucan component. The residue obtained in the above experiment during the isolation of the glycogen corresponded to the glucan. It was washed with water, ethanol and ether and dried in the usual way. Yield, 93-3 mg. (71% of the cell wall). This glucan corresponded exactly in appearance, glucose content and solubility, with that isolated from whole yeast and from the cell wall preparation A.
DISCUSSION
The literature contains very little information concerning the chemical and enzymic nature of the outer cell walls of plant or animal cells, and it was with this in mind that we attempted in the present research to isolate a part at least of the cell wall of yeast which might lend itself to further studies. A preparation has been obtained by mechanical breakage and differential centrifugation which is not contaminated by whole cells or cell debris. This preparation can be made with a fairly constant composition, free from substances present in other fractions of the cell and thus a clear-cut separation of a definite morphological structure has probably been achieved. The wall as isolated is made up of two or more membranes; two in fact can be clearly seen by means of the electron microscope. It has been possible by relating the chemical investigation to the microscopical studies to show-that one of these two apparent membranes is, in part, composed of the glucan polysaccharide since this polysaccharide can be isolated free from other material, still retaining the general shape of the whole cell and obviously constituting a complete membrane. The other membrane remains intact after removal of lipid; but when the protein and mannan are removed from the cell wall preparation by means of dilute sodium hydroxide solution it is no longer visible and thus this second membrane is made up in part of protein or mannan or both of these substances. The general analysis of the cell wall shows an approximate chemical composition of glucan 29%, mannan 31%, protein 13%, lipid (mainly neutral fat) 8-5 % and ash 3 % which accounts for over 84% of the material. No other major constituent has been detected during the present investigation. Glycogen could only be obtained associated with the cell wall by using sodium hydroxide as a cytolysing agent. It is not present in the mechanically broken cell wall material, but appears among the fine particulate matter released by the breakage of the cell and the subsequent emptying of its contents. The glycogen present in the chemically prepared cell walls was seen to be present as scattered granules and it is thought that although it is probably closely associated with the cell wall in the living cell it does not form a structural part of the wall in the same way as the glucan and mannan.
The mannan can be extracted from the cell wall preparation A by means of hot water, and prepared in this manner it is found to be closely associated with protein which is extracted with it. This association in the cell wall had already been postulated by Garzuly-Janke (1940) 3. A quantitative chemical analysis of the cell wall of yeast has shown it to be composed ofprotein, lipid and at least two polysaccharides, a mannan and a glucan. The glycogen associated with the cell wall preparation obtained by treatment of the whole cells with sodium hydroxide solution does not function as a structural element and is not present in the fraction obtained by mechanical breakage.
4. The mannan is associated with a protein present in the cell wall.
5. The cell wall has been examined by the optical and electron microscopes and has been shown to consist of at least two membranes, one of which is made up in part of the glucan component.
6. The existence of bud scars on the cell wall has been confirmed and some details of their structure observed.
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